A 79-year-old woman presented with an obstructed femoral hernia and had a wedge resection of the small intestine. Post-operatively she developed wound dehiscence and spent 3 days in the adult critical care unit. Good recovery followed and she was allowed home after 2 months in hospital. Six months later she presented with anaemia, neutropenia and a very low serum copper concentration. Review of her notes revealed that she had been given oral zinc therapy while in the critical care unit and this treatment had been continued on discharge from hospital. Serum copper, haemoglobin and white cell count recovered after oral zinc was discontinued. Oral zinc treatment can lead to symptomatic copper deficiency in susceptible patients.
A 79-year-old woman was referred by her general practitioner to the surgical unit at Wishaw General Hospital in November 2001 with abdominal swelling. Previously, she had been diagnosed with postmenopausal osteoporosis, which was treated with bisphosphonate and calcium. She had also been previously diagnosed with atrial ¢brillation and congestive cardiac failure due to mitral valve disease and was treated with digoxin, an angiotensinconverting enzyme inhibitor, frusemide and warfarin.
In the surgical unit, she was diagnosed with having an obstructed femoral hernia. She had a wedge resection of the small bowel and spent 3 days in the adult critical care unit (ACCU). She developed dehiscence of the wound during the following 2 months and was treated accordingly prior to being allowed home. After 3 months she was feeling much better and her wound had almost healed. A month later she started displaying poor short-term memory and episodes of confusion. She described a sensation of ill-health in vague terms, such as feeling tired and'not being able to do as much'. A further 4 months later, 7 months after the initial hospital admission, she was admitted to a care of the elderly ward for assessment. Examination showed moderate cognitive impairment. A computed tomography scan suggested possible Alzheimer's disease.
Upon admission, she was found to be anaemic (Hb 9.4 g/dL) and had a moderate macrocytosis (mean cell volume 104.1fL). She was also neutropenic (white cell count 2.0610 9 /L, neutrophils 0.3610 9 /L). She was prescribed vitamin B 12 therapy and transfused with 2 units of blood.
Four weeks post-admission, her haematological indices remained low (Hb 9.9 g/dL, white cell count 2.8610 9 /L, neutrophils 1.0610 9 /L). Measurement of trace metals was requested. This revealed a very low serum copper concentration of 0.3 mmol/L (reference range10-22 mmol/L) witha normal zinc at13.5 mmol/L (2-18 mmol/L). Serum albumin was slightly low at 34 g/L. Serum caeruloplasmin was low at 64 mg/L (200-600 mg/L). It was discovered that the patient had been taking oral zinc supplementation (Solvazinc 125 mg t.d.s.) for several months, following the biochemical ¢nding of a low serum zinc (7.5 mmol/L) during her stay in ACCU at the time of the postoperative wound dehiscence. Treatment with Solvazinc was withdrawn and subsequently there was gradual resolution of her anaemia and neutropenia. Three months after withdrawal of the zinc supplementation, her haemoglobin was12.2 g/dL, white cells 9.8610 9 /L, neutrophils 7.1610 9 /L. Serum copper was within the reference range at 15.5 mmol/L and serum zinc was low again at 8.0 mmol/L (see Fig. 1 ). There was no clear improvement in cognitive function and she was subsequently released to a nursing home for 24 h care. 
Case Report Discussion
Zinc is an essential component of over 200 enzymes, having both catalytic and structural roles. When the total body content of zinc is high, metallothionein synthesis is stimulated, reducing the amount of zinc entering the circulation. Metallothionein is a metal-containing protein involved in the intracellular ¢xation of copper and zinc, controlling their distribution to their cellular targets. 1,2 Requirements for zinc are increased following trauma (e.g. surgery). 3, 4 It has previously been reported that serum zinc is highly protein-bound and reacts inversely during an acute phase reaction. It is therefore common to detect low levels during severe illness or following trauma. A low level does not, however, necessarily indicate the need for supplementation, 3 and there is some evidence that zinc supplementation in this situation can cause increased in£ammatory response, fever and infec-tion. 5 Zinc de¢ciency can lead to dermatitis, hair loss, growth retardation and poor wound healing. Anorexia, lethargy and suppression of immune function can also occur. Zinc de¢ciency may occur as a result of inadequate intake (e.g. during parenteral feeding), impaired absorption and increased losses (e.g. through gastrointestinal ¢stulae).
Chronic ingestion of high zinc in otherwise healthy individuals can lead to copper de¢ciency. This is due to zinc-induced metallothionein synthesis in enterocytes. 1 The metallothionein binds copper, preventing its transfer into the circulation. Intestinal cells slough into the lumen of the bowel with around a 6-day turnover and, in the process, take the bound copper with them for loss in the stool. 6 Since there is substantial endogenous secretion of copper in saliva, gastric juice and other gastrointestinal secretions, prevention of re-absorption of this copper by zinc along with a blockade of absorption of copper from food puts the patient in a substantial negative copper balance.
Copper is a component of many enzymes (e.g. superoxide dismutase, cytochrome c oxidase, tyrosinase). Copper is also involved in the oxidation of Fe 2+ to Fe 3+ during transferrin formation. After absorption from the gut, it is carried to the liver and incorporated into caeruloplasmin. Copper de¢ciency is rare, due to the substantial stores of the liver; however, it is seen in malnourished children and adults on long-term total parenteral nutrition. De¢ciency of copper is reported to result in anaemia, neutropenia and, less commonly, thrombocytopenia. 3 Other abnormalities include megaloblastic changes and although a microcytic anaemia is commonly reported, a macrocytic anaemia can also occur, as in our patient. There have only been three previous reports of copper de¢ciency due to intestinal malabsorption after partial gastrectomy in patients who were not receiving parenteral or external nutrition. 3 It is unclear how copper de¢ciency induces anaemia but it has been hypothesized that a decreased activity of copper (a factor in various redox enzymes, such as caeruloplasmin ferroxidase and cytochrome oxidase) is involved.
The learning point from this case is that serum zinc is low during an acute-phase reaction and caution is required when making clinical decisions during this period. Chronic oral zinc therapy can cause copper de¢ciency, which in turn can cause reversible anaemia and neutropenia. 
